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Quantitative Analysis of Capsaicins , in .Fresh 
Peppers, Oleoresin Capsicum and Pepper Spray 
Products 



ABSTRACT: Liquid ^^SSS^&SSl^ 
uko » identify ^^»«fy ^ P w ^X^ ln ^ * mt ». .nd 
logues in -^ig^^StapUh in &sh peppers 

dt»p!»i«iww»'^» wfc, T«^E^^iey proportional 
In rt c olMmtn capsicum pimples, the ^J^C a f6C . 

from the same W MOft ^ rer ;,^ d ^Jr^! Bn id eomci.. ev=n 
TCff^diS^S^3iy In A- capsuieincW 
.hough *<* *. d £S^^i B 4«ed ilf-drfense weapons 

rrs's&^ *• ^ - 

of Users and asss'ilana- 

KEYWORDS: formic =i>=n«. pepper *P™* "P^" 1 - LOMS 

oey.2OS.2Q30 E.. Rm490i Od«w»rfW; Ukc a,y - U 
ItoeivedJI M 4 y2O00;»coep»dS inly 2000. 



capsaicin, and homodihydrocapsaicin arc also profit, but gener- 
ally contribute little 10 the total eapsaicinoW concentration and 
pungency of Aep«ppef (MJ3).Nonivami^or-»yn*ew cap- 
saicin, exhibits <h» same pungency as capsaicin, but has not been 
conclusively identified n, a n-mnil product (3.13). toft*, 
scientists have concluded that detection of nnnivamirta .n oleores.n 
capsicum was indicative of adulteration of the sample (3). The »- 
tal concentration of eapsaicinoids in a pepper ranees from 0.1 to 
2 0% Wry weight) and depends upon the variety of the pepper, the 
flowing conditions, and The rime of harvest (1,3,4). In addition to 
differences in the total carcinoid content, variations in th« rela- 
tive proportions of the capsnicinoid analogues also occurs in 
Mspoiue to the above criteria (1-4). . 

Capsaicinoids are th* pharmacologically active and putn-pro- 
ducing components of the hot pepper (4). The charactftisue ehcnv 
slrtclurc of capsaicin (or its unuluBue*) contains ■ vttHlllaiiiide 
moiety (4-hydroxy-3-merhoxyb«n^lamidO andan acylchiun con- 

™»ing 10 ,o 1 1 carbon atom* (Fi S . I) (1-4.12J. Gipsatanoid* pro- 
duo: pain by stimulating the vmiltoid icccpwr. This receptor is a 
molecular integrator of pownrially no*ious stimuli (e.g.. low pU 
and high temperature) (5.1 1.14.15). Structure activity studies Of 
capsaicin and nther related compounds have demonstrated a. strict 
rJuiremenc for the vanillyl ring and an aeyl chain of S to 12 car- 
ton atoms to manifest pungency (16-18). The natural npsun- 
noid* exhibit variable pungency due.to differences in their ability 
to promote membrane depolarization through b.ndins t" 

lamide receptor. „„■ 

The ability of the capsaicinoids to produce pain has prompted 
the development of pepper .sprays for the purpose of sclf-Ucfcnsc. 
Typically, pepper sprays weapons contain a 10% solution of oleo- 
n£ e «iS 1 diluted in a suitable solvent (e.g.. ..ethylene Chlo- 
ride, trichlorocthylene. Uopropanol, freon(s). propylene glycol, 
ettunol. methanol, or dimethyl ether) and a gaseous propellan. 
(usually N 2 or COJ. Exposure to pepper s? ray s etots 
phy5iolo S i«l response that include noeieepoon. ^porary _ blind- 
^Js. lactation, disorientation, shortness of breath. mJ chok.na 
( 19) The ntsuu of the exposure is Temporary incapacitation of me 
victitii with minimal long-term side effects and/or miutar (19^0) 
Unfortunately, the manufactureni of oleoresin capsicum and 
rtMe-fenK wenponry employ few, if any analytical awM » 
detertnine ihecoDCcnirHtiunafffl:iivc in|redionts in the product and. 
m ensure consistent chemical composition. Variability m the con- 
centration of active .nfiitaients might explain wny pepper sprays 
luvebeen shown w be only 70% effect in discouraging anacKS 
by agwessWe individuals (20). The principal test for ptoduct com; 
pLiSi is a taste test n determine the product's ability to el.ct • 
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OCM, 



F10, 1— Chtmicat SlnnlUKi; of the cap: 



Erunately. rhe ^* "J" ^ ^^'L^cnt of 
measure of potency (SHU) rallttr W« a q of ^ 

lhe conoid «'^^ , J^ I I^n-«0'-- , » 

rive intern -n P^^V < 'E^.S potent producr 
subjectively assessed- the potency. eni^jr. 

ftnsc producis. 
Materials and Methods 

ChemlaU . . . 

, uftf J wAtfn handling capsaicuwtds 

capsaicin were punfiel chloride were puxch^d 

from AWrich Chemical teQA of 
■ ran^l-vaniU^ .^^^Sly Scribed (12). HPLC 
Limine and octanoyl " ^J^^ * were purchased 

grade methane* ^ rt , a S^ d "^JS Fonnic u/d, sodium 

phoapbac-ndrtod."'" £ l lond<= wc«P" obtained ftom 

. (Pari! KY). The cl^ineap^^^-: from 
various spfce vendor and tha peppw sprays w«* 
independent distributors. 
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Anptytte&t Methods 

Identification and quantified rf *. "W*-J -P^^ 
was performed by liquid clwm«OgnphyMi»» .^J" 1 ** "* ?"? 
rHl3cii.P«ckid scries 1100 LOMSD {Atfle^ Technology. 
PaYo Aho CA). He c^saidnoids were separated w.»g » MeiaS^ 
bS, rev ^pto C HPLC column (100 X 3.0 x 3,0 (Meu>tt*m 

and distilled water conlainins 0.1» (W*) fenrue acid. The , nui 
JSlcr was sc. t» detect the M+H positive ions of oc anoyl- 
KScVj - 280 >- «=™ am, < Ie 0«fc - 294). nc-d.hydit,- 
^JS taT- 294). eVtticLl (mft - 306). dihydrocapsucm 

*L W alytiea, standards was 
ta«S appropriate- quantity Of each analogue on a C*hn *700 ana 

comooundsin methanol, Standards were stored at -20 C an d were 

» Joeues and SCO ng oeianoyl-vaniUamjdc (as an internal 
^tS"^^ from 0 » SO0O n S . Calibmior. curves w«a 
^iSl^eulatini the p<*k area rati, (obtained LyjjHP 
SEdJ? of the ^»^—£-J££ 

r^ioa analyse* were formed « so 

• e^-rbie curves wore used 10 quantify the low- t. 1 w JU 

<rf the analoEuea. Splh curves wore needed <n mo™ a«=^ 
™^£Xt!ZZ^°n of the cotnpoundsin the sample,. 



Analysis of Fresh Peppers 

fresh peppers were ^r^™^^ 
^^imMElv 5 to 50 s of fresh pepper (pwehas=d.from roeo s»™ s 

T^o^nomogrotrer. To deercasetb- sample s lzeofr^ 
LILS^^niSdapOrdcn of the pen«rp were rcmoyed. the 
S^S* ton S h=wn to only ncgl^blc c.n- 
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Miumtions of the capsalcinoids ( 1 ,23.24). The homog«nnw ex- 
tracted for 15 mitt ax room temperacure wich /-.-butyl chloride. The 
extract was csncrifugsd at I00C x s for 10 mm and the upper or- 
ganic layer was collected. The extraction process w*s replied and 
the organic lavcrs were combined and cvapomtcd to dryness under 
a stream of air al 40°C The dried residues were recon-;:ituted in 
20D >lL n-butyl chloride: methanut ( 1 : 1 1 The reconstituted residues 
were diluted 20-fald in n-buryl chloridcimethanal (L: 1) and u 5 |*L 
aliquot was combined with 500 ng ocianoyl-vanillamidc-Thc sam- 
ples were evaporated co dryness, reconstituted with 1 00 u.L of 7(#fe 
methanol: 30% distilled tfcO, and analysed using LC/MS. 

Analysis of Olearcsin Capsicum 

Commercially available oleo'rcsin capsicum samples vcfc di- 
luted 200-fold in n-biityl chloride: methanol (1:1). A 5 M-L aliquot 
of The diluted product was pipetted into a 13 * 100 mm silan/zed 
class tube and occanoyl-vanillamide (500 no) was added a* rhc in- 
ternal standard. The sample was evaporated to dryness, nseonsti- 
tuied with 100 |i.L of 70% methanol: 30& distilled HvO, and ana- 
lyzed usi*s LC/MS. 

Analysis of Pepper Spray 

Individual pepper spray canisters were vigorously shaken and 
cooled to -20*C overnight in a freezer. The spnys were then gen- 
tly disdmrged inw a 16 * 100 silanized glass tube that hod been 
previously equilibrated io -S0 J C using dry ice. Coolmg the cube* 



wich djy ice was necessary to prevent evaporation of the solver,-: 
during collection. The sample was immediately capped and thawed 
on icd. The sample volume was determined and rhc vnlaiilc com- 
ponents were permitted la evaporate at room icmp^rsture with sen- 
ile agitation. The sample Volume was reestablished by adding n- 
butyl chloridcrmetnanal (1:1). Samples were sneti diluxtf 4f>folf| 
in /t-butyl chIoride:meihnnal and a 5 u,L aliquot combined 
with octanoyl-vamllamidc (500 ng). The samples were evaporated 
to dryness, reconstituted with 100 u- L of 70 * meth3no!: 30% 
dfrkO, and analyzed usin* LC/M5. 

Results 

Analysis af Ctipsaieinoids by LC/MS 

Identification of the individual capsaieinoid analogues (s« F\g, 
I) was achieved by LC/MS. Tfw calibration curve for the assay was 
linear from K0 to 5000 ng, but was split into three curve.? to more 
accurately calculate the concentration of the analyceii in the sam- 
ples. Identification of Che individual capsaicinoid* was achieved by 
masy-salectl ve detection us well as by retention time. Octttnoyl- 
vanillamidc UnJz - 280) eiuted at appro simitttly S.4 min followed 
by nordlhydrocapsaicin (mil = 2*J4; 1 1.8 min), nonivamide Mz * 
294; -12.6 itjin). capsaicin (tnlz - 306; -12,* minj. dihydrucap- 
saiciu {mfi = 308; -15,8 rnin). homccap*aicin [inJz =» 320: -16.1 
min), and homodihydrocapsaicin {mU - 322; -17-5 min). A typi- 
cal mass-ehrumatogram of a standard containing 500 ng of all* 
analyica and internal standard is shown in Fig. 2. Tlis compound 
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(mk « 308) cluiing M approximaiely I S.2 mln has been tentatively 
identified a* dec:»noyl-«anillamide, fc*sed on similarities in reten- 
tion lime and mass when compared to a synthetic standard of 6t- 
canoyJ-vanillamidc (daia noi shown). 

Analysis nf C&psnicinoids in Fresh Peppers 

The auulysis of "uiwerulienilcd" pepper extract demonsiraicd 
ihc prssenccaf ail previously documented natural iy occurring cap- 
saicinoidi as well asnonivamide. The idenhfiCiUion of nonivamidc 
in peppers was confirmed by mass (»//: = 294) and retention Time 
(approximately 12-6 min). Coiifirniaeion of the presence of nnn- 
Wamidc in the peppers wy* achieved using eallision-induced frag- 
mentation of the molecular ion by LC/MS/MS and obiaiiiing the 
product ion spectrtim (data not shdwn). Ntmivaroide was present in 
hiibcncro. anaheim, red-chili, green-chili, and green bell pepper ex- 
tracts lit a relative concentratiun range of 0.42 lo 7.2 C 5» of Ihc local 
eap^uidnoid concentration, depending upon ihc variety of pepper. 
Nonivamide was not defected Jo extracts ofyelluw bdl pepper and 
was preseiu in the fifctn bell pepper ar less than 0.025% of the con- 
eemrjiion in green-chili pepper. The concentrations of ihc eapsai- 



cirtQid qnslnjs'jes in ihc six varieties of peppers a:ii summarized in 
Tabic I. 

Analysis o/Olcoresin Capsicum 

A* described, quartijflcaiiuri of ihc individual cspsaicinoid nn:i- 
Icijjues in commercial preparations of o|qnrc.*in capsicum 
achieved by comparing the peak an::* nuio of the samples to the czl- 
i brer ion curves. The enpsaicinoid analogue concentrations in scv?n 
different alcorcsin capsicum samples are summarized in Tabic 2. 
The absolute ;mil relative concentrations of the individual capsnici- 
noids varied between samplis. Figure* 3^ and 3/J illustrate die cor- 
relation beiwesn SHU rating and the tout (Fig. 3/\) and individuaJ 
capwricinoid analngue eoJiccmrutiuns (Fig. 3/?). The relationship 
between total capsaicitmid concenlraiion and SHUrqiiug was ap* 
proximately l5 000SHUVfioftytaleupsuic!iioid.H.Dara presented 
in fig. 3D indicate that capsaicin and riihydracapsaicin were pri- 
marily responsible for the SHU rating. Their relationship* were 
approximately 35 700 and 33 900 SHU/^g, respectively. The rotaJ 
and relative analogue concentrations ^era convsient between 
oleorcsin capsicum samples having ilte >yitit SHU rating. 



TABLE ]—CapmrcmM#anehWK*™™nrrarii7nsin Mttirn t*f fiwJr ik-wwx. 



Variety pf Pepper 



Yellow Dell 

(Utah) 
Crtcn Bell 

Green-chili 

<Ut;ih) 
^naliciiii 

if^J^ur Mexico) 
Anaheim 

(Maryland; 
Red -ChiP. 

(New Mexico) 
RceT-diili 

(Utah) 
Habefcro 

(Utah) 



Tuiuit/^yr 


NDHCt 


Nonivamlcte 
(*) 


Capsaicin 
t»i 


OHCt 
(**> 


net 

(Of) 


HDHCt 
I*) 


0.0018 Z 0.0002 


N.D. 


N.D. 


.17 




•1.0 


CO 




5.0 


N.fc. 


N.D. 


0.0049 JL 0.0004 




7.2 


-0.4 


27 




2.0 


52 


■t 


7.0 


N.D. 


N.D. 


iv ±zo 


32.-1 ± o.z 


2.7 


= 0.7 


21 


•i 


6.0 


46 




2.0 


O.U X 0.4 


7= 2,0 


7? - 7.0 


ii.r - n.9 


K0 


^0.1 


-17 




2.0 


?6 




3.0 


I.J ± CM 


3.0=07 


S7 = 5.0 


6.3 = aft 


0.42 


;t O.07 


60 




9-0 


>0 




4.0 


2.6 r 0.5 


1.4 2T 0.3 


83^9,0 


11 ±1.0 


afl 


= 0.1 


56 


-4- 




29 




2.0 


1.0= 0.5 


1.8 = OA 


59 ± 6.0 


9.6 ± O.^ 


1.2 




50 




J.CI 


27 




1.0 


6.1 ±0.4 


(±2 r 0..1 


510 ±27,0 


3.6 ± 0.3 


1.4 




61 




£.0 


32 




3.0 


0.9 ±0.1 


1.1 m 0.1 



- AppiMimately 5 to 50 S of fr«h pepper vs» cwracred as Ascribed ^ndcr m.ieriaU and meihod*. Dai» are rsprcscnwil-e of the mean i 
*!5£2^ Dih^ps,™ (DIK). b«H<i> (HO. ,nd ItaAd^ <* OHO. 



r 



OC1 
OC2 
OC3 
OC4 

ocs 

OC6 
OC7 



TABLE 2— CapyitrimM attttlo S M caneemnrim for various oUcresin capslrum mnphs. 



Sample ideniliyt Total Wa*L)* 



NDHCt 



N«-Hiivnnl|dc 



Capsaicin 



DHCf 



0.^ a: 02 
14 = 1.0 

J3.4±0,4 
63 ± 1.0 
71 ±2-0 
67*3.0 

131 =5.0 



J6.7iOJ* 
20 = 2J) 

13.7 = 0J 
11 - t-0 
B.fi ± 0.7 
63 ± 0.4 
7.7 ± 0. 1 



1.8 r. 0.4 
J. 9 ;»» 0.2 
1.2 a? 

3.1 ?: 0.5 

5.2 r 0.8 
S.5 T 0.2 
4.2 T 0J 



1.0 

36 = 4,0 
- 0.5 
33±2D 
3S ± 3,0 
47.S ± 0.9 
41.2 ± 0-5 



3G x 2.0 
38 = 3.0 
39.3 Z 0.4 
48 = 3.0 
42 X 1.0 
35.K ± 0.7 
43.5 i 0.9 



HCt 
i*) 



7.0 ± 3.0 
2.0 = 0.1 
2.0 = at 
r.4 ± 0.2 
1.5 ± 0.1 
1.7 ±M 
1.3 = 0.2 




HDHCt 



N.D. 
1.9 r 0.2 
2.9 = 0.4 
2.9 X 0.7 
2.4 = 0.3 

2.1 z 0.1 

2.2 Z OA 



I0 3 SHU), 



0C4-6 (V-6 X SHU)| OaaO X TP SHU)' Ai*ouir6c« ha Je 'irime SHU r^, they were obtained frorr> diffcTrnt m-tiufocuiw of rtc 



rcsifi capsicum. 
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0) 

1 
c 




2.S 10° 



Scovllfe Heat Unit fating (SHU) 




Arttf/yjtJ qfCepsaicinOids in Pepper Spray 

■ Total and individual cnpsaicinoid analogue concentration* for 
several commercially Available pepper spray products «re summa- 
rized jnTablc3.The total cap&aicicioid coTiccntrarions wens consis- 
tent with previous reports of the composition of pepper sprays (25). 
The capsaicinoid concentrations in pepper spray products from dif- 



ferent product lob from the sam* fnanufacUirar are a Iso presented i n 
Table 3. A comparison be ewe eft the labeled and calculated SHU vul- 
ues for the pepper sprays is shown inTubIc4. Collectively, these data 
demonstrate that there were KubsUntial diffarences in (he total and 
relative capsaicinoid concentrations in the pepper spray product. 
Also, tha labeled SHU values of the pepper apruy* were not consis- 
tent with the assayed values. 
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T/\uL£ 3- Cupxufrinoitf analn^Uc t<mc*M)talions of various p*pp*r xpivys. 



Sample Identity 
1*52? 

PS55 
PS6§ 
PS7 
PS8II 
PS 91 1 



Ton I f ii i»/uL\"" 

| WlOi f'-'—j 


NBHCt 

it) 


Nonivamide 
(%? 


Capsaicin 


DHCf 


HCt 
(SO 


KDKC" 

<*) 




fi.J Z 0.2 


1.6 iO.I 


51 r 1.0 


37.i iaa 


2.2 r 0, | 


J .5 ^ 0.1 




8/7 r Q-5 


2.0 s 0.1 


C$ = 2.0 


40 ± 1.0 


2.0 r 0.1 


2 . 1 = 0. 1 


ass = 0.0.1 


5.7 * 0.2 


1.8 = 0.1 


52.4 x 0.9 


J7 - 1.0 


2.+ - 0.3 


U.S r O.l 


3 J ± o.a 


0.2-0.01 


J.9±0.1 


50 x 3.0 


35 = 1.0 


1.6 r 0.1 


2.0= 1.0 


2.5 r 0,2 


9.7 ± O.o 


1.9 =: 0.1 


41 = 3.0 


4! z 3.0 


2.2 - 0.2 


2.5 ± 0.9 




io.s±ai 




30.5 Z 0.2 


45.3 = 0,3 


1.3 - O.I 


2.0 = O.B 


13 =; 1.0 


0.6 * 0.9 


2,2 X 0,2 


A2 X J.O 


42 Z 4.0 


I B zO.2 


J.O - as 


27 £ 3.0 


N.D. 


roo ?■ io.o 


N.D. 


N.D. 


N.D. 


N.U. 


32 r 1.0 


N.D. 


lOo r 4.0 


N.D. 


N.D. 


N.D. 


N.D. 



* TauJ capsaicf noid canceniradons (peA>U of dispensed pepper spray. This value does not represent the total eapsaicinoid comem in the canisi*r. 

are n:pr«cnLitiv« aflhein^n = standard deviabun of ihplieat* analysis the pepper spr*y PfoducL. 

<■ Abbreviations farNonJihydrocapsaicin (NDFICj, Dihydiwapsaicin {DHCu Hemacqpuicin |MC). und Homodihydrocapwicn (HDKCj. 
+. R^presoms pflpper spray* from ihe same manufacturer, hut different product Ids. 



Data 



t 



table* 



Sample 
Identity 



-Calculated labdtd SHU ™*ovs peppir 

spray products. 



Labelcd 
SHU 



Calculated 
SHU 



PSI 

PS2 

PS* 

PS4 

PS5 

PS6 

PS7 

PS&t 

P59t 



16,0 s 0.4 
11.8 r (L4 
0.95 i: 0-03 
e_3 r 0.4 
2.5 r 0.2 

T3 = 1.0 
27 2 3.0 
32 z J.O 



2.0 X 10 s 
2.0 X 10* 
2.0 X 10* 
2-0 X 10* 
1.5X 10* 
1,5 X 10* 
1.5 * it/ 
1,0 x |(/ 
1,0 x 10* 



2.4 x 10 s 

j.s x in 5 

1.5 X 10* 
1.3 x 10 s 
3.7 x 10* 
2.0 x 10 s 
1.9 x I0 5 
9.0 X I0 5 
1.0 x 10* 



* Dau arc representative ™an = standard dcvijiinn of Lripfieaie 
aralys^ofthepepperspnyproducls, 

t Calculated SHtf value* were determined USinc tfte fnrtiiuia 5rlu - 
Lcapfsfcnnl (sm^/mL) * 33 O00 (SHU/jig) sinee only wnivamide pre- 
sent (ncmivumide has similar pungency to capsaicin 031 and the cvnixn- 
iratian not in range for ihe trend Una for nomvamidc). 



Discussion 

The data demonstrate that capsaicin, dihydrocapsaicin* nurdihy- 
drocapsaicin, homocapsaicin, homodlhydrocypsaicin. and non- 
. ivamide can be found in fresh peppers, oleoresin capsicunu and 
pepper spray products. However, rhc toiaJ and relative concentra- 
tions of the eapsaicinoid analogues irt die peppers and rhe pepper 
prc<luct5 were quite variable (Table* 1 to 3 )» In a|1 sample cap- 
saicin and dihydfocapsaicin constituted 60 to 90% of the touj cap- 
saicinoid corcertration, followed by nordihydrocupsaicin (2 to 
20%), homocapsaiein (1 to 5%), homodlhydfocapsaicin f I to 5%). 
and nonivamide (i to 536). 

Capsaicin, nonivamide, and dihydrocapsaicin arc die most pun- 
gent capsajeinoid analogues having 100. 100, and 75% relative 
pungencies, respectively (12.13,18). Nortjihydrocapsakin, homo- 
capsaicin, and homodibydroeapsaiein exhibit relative pungencies 
dial range, between 20 to 50% that of capsuirin (12,13,18). Because 
nordihydrpeapsaicin, homocapsaicin, and homodihydtocapsaicin 
enntribute liLLk ta thc rxUtive pungency of The peppers or pepper 
products, iheir contribution to pungemry b not discussed below. 
However, this does not imply that these analogues may not be 

important in ihc Eoxfcologieiil unUTor pharmacologic^ properties of 
the product. 



To determine the source of variability in pcppcT .1 prays and olc- 
oresin capsicum, wc first analyzed ihecapsaieinoid ca nee ntrttions 
in fresh peppers. In The extracts of fresh peppers, the roul coneen- 
tmtion of the cap^alcinoids, as well as thai of each analogue, whs 
variable und dependenr upcm the variety and geographical origin of 
(he pepper. The <aia] capsaicinoic) concentration in extracts of the 
fresh peppers was rdfjective of The relative "hotnesi" of the pepper 
(habencro>anaheim «= rcd-chiU>gfeen-t:hili>grefln bell>ycllov 
bell). Capsaicin and dihydroeapsaicin were i he mcsst abunjarn cap- 
saitinoid analogutii present in the extracts of fresh peppers and 
comprised 60 to 90^ of the toral capsaieinoid concentration. The 
sum nf the concentrations of capsaicin and dihydroeapsaicin in the 
e^iracts offish pepper pArallelcd the rel.irivu pungency of the pep- 
per type and appeared to dictate the pungency of the fruir (see Table 
1). For example, extracts of habencro peppers (rhe ''hottest" pep- 
per) contained approximately ^0% capsaicin and dihydroeapsaicin 
while extracts of the milder green-chili pepper contained about 
65% capsaicin and dihydroeapsaicin. 

The immediate precursor to pepper sprays ts oleoresin capsicum, 
the extracted product of hot peppers. As expected, we also ob- 
served variabiliry in the total and relative concern-rations of the cap- 
saidnoids in commercial preparations of oleoresin cupsicum. We 
found ihuL there was a strong relariouship bcrween the conccntra- 
uons of the eapsaidDoids in commercial prepa rations of oleoresin 
capsicum and the SHU mnng nf rhe product (Fig, Comparing 
the Individual capsaicinoid analogue concentrations in Si 1U rating 
demonstrated that The concentrations or capsaicin and dihydroeap- 
saicin were good predictors of tne pungency of the oleoresin cap- 
sicum sample (Fig. 35), For example, oleoreslns having an SHU 
rating ^5,0 X If? SHU eemrained appm^inialely 65% capsaicin 
and dihydroeapsaicin and samples with un SHU raring ^1 .0 X 10 s 
consisted of >S0% capsaicin and dihydroeapsaicin. 

Since both fresh peppers and oleoresin capsicum exhibited var- 
iability In the concentrations of rhe capsaicin aids, wc were not sur- 
prised find significant differences in the loral and relative coneen- 
irations of capsoicinoida of the pepper sprays. An interesting dis- 
covery was that variability was present in alt commercially 
available pepper sprays even in samples from the same manufac- 
turer (Table 3). For example, rwo identical pepper spray products 
from different Iuls and the same manufacturer exhibited srriJdng 
differences in roial capsaicinoid concentration, 25 r 02 v,gfv>L 
versus 13,5 ± 0.1 u-g/p-L. Variability in product composidon was 
also observed in products from diffcrenc manufacturers tliat were 
both labeled as 10% oleoresin capsicum with a rating of 2.0 X 10° 
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SKU The two produces had vnilly different cnpr.ticinnid conccn- 
tralicns (0-95 = 0.03 u_g/p.L versus 16.0 - 0.4 Estimat- 
ing ihc SHU value hi«d on Ihc total capsuicinoid concenirntion of 
the pepper sprays suggested that rhe labeled SHU values were 
sometimes ovcreuied by a Istc-ior of > 100 times (sccTahld 4). 

Trends su-gesling that the relative analogue concentrations of 
cupwicin and dillydrocupsaicin were responsible for (he SHU rat- 
ins or " Thc pf oduct were apparent for both fresh peppers find olco- 
roin capsicum sample*. In pepper Sprays, the rdJUjvc cnncaiiTra- 
tiuns of capsaicin and dihydrocapsflicip wcr* >30ft. This may 
imply thai the majority of The pepper sprays m^y have been pre- 
pared a* dilutions oroleoresirt capsicum having an SHU ruling 
a 1.0 X- 10*- Unfortunately, dilution of ulcoresin capsicums having 
similar SHU raring dnes not appear tn guarantee consistency in ihe 
amount of active ingrcdienr in the pepper Spray. Therefore:, the 
variability in the caps^icinc-id concentrations of the pepper sprays 
can be attributed co me inherent variability in the capsaicin old cort- 
cencrations of different batches of oleorcsin capsicum and ulti- 
mately rh$ punicuUr properties of the extracted peppers. 

From our data, ii is reasonable to conclude that manufacturer* of 
oWircsin capsicum- based pep|«r spray* do mat standardize their 
product for the concentration of capwicinoids. This was nor mic 
for samples P-W and PS9 (Table 4j. The manufacturer of this prod- 
uce Used a known quantity of nonivamids as ihe active ingredient 
racher than % yiundard volume of olcoi**ln capsicum. Previous 
work has demonsirared that nonivaniidc exhibits identical pun- 
gency to capsaicin based upon the Seoville Organoleptic T*$i 
( \2, 13. 18;. Ir also hm- a similar 5rrucl tire activity relationship using 
dfljens-iifeuiioR of the VR receptor as a model system ro predict 
pungency [ 1 2-1 «). Therefore, products fortified wiih or composed 
solely of nonivmnidC'ttre likely to have similui efficacy looleoresin 
L-apsicum-bnied pepper sprays for use as self-defense weapons. 
However, the siudics rcponed here did not evaJuulc or compare the 
biological efficacy of products, 

Nonivaroide is not commnnty used to manufacture pepper 
sprays because it iscortfidered a "syndietic" und>or pharmaceutical 
agent. Oleorcsin capsicum is a natural product. However, pepper 
sprays manufactured from oTeorcsin capsicum ore not regulated. 
Thui fur, ihe identification of iiojiivumidc in fresh peppers has not 
been definitively confirmed and its existence at a naOiral product 
debated (3). Some authors suggested that nonivamuic did not occur 
naturally because of iha structure of its acyl chain (3). This argu- 
ment wax supported by inconclusive analytical data (3). CC/MS 
methods were ineffective at different kiting nordihydrocapsaicio 
and nonivamide since they have the same molecular weight 
(3.26-31). Standard HPLC methods did not chronmugmphically 
separate 'capsaicin from nortjv&midc (3, 31-35), The method de- 
scribed here allowed u* to uniquely identify and quantify non- 
ivamide in exrracts of fresh pepper, oleorcsin capsicum, and 
peppers sprays. Nomvumide was present at a concentration that 
represented up to 1-1% of the total capsuicinoid concentration 
(Tables 1-3), 

Based on our wort severul conclusions about the coneentronons 
of capsaicirjotds in peppers as well as products manufactured from 
e*trucls of peppers can be made. Because olcurcsin capsicum is ob- 
tained by extracting frash peppers, variability in the total and rela- 
tive capsoicinoid concentrations exists. As such, products made 
from the oteoresin capsicum (e.g.. food products, pepper sprays, 
etc.) also exhibit variability. Differences in the concentrations of 
urrivw eortpo/wrtt* irt HW 51 opraya uuiy affect the quality, effi- 
cacy, und safety of these products (20.3 7.38). Discrepancies in the 
amount of active ingredient in the products may result in unpre- 
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dictabie results when the p reduce* arc used for self-dcrctise or m 
subdue suspects. DilTcronc<5 in the concentre Lien of active ingre- 
dients of rfw products could aUn affeji «hc potential toxicity of th< 
products and could jeopardize the safely and health of individual* 
who arc exposed to and/or depend upon the products for pro Lection 
(20,37-39). Quantitative analytical methods; arc needed to deter- 
mine the coneentrfttion of capsaiemoids in pepper sprays. Imple- 
ment: ng this objective quality control measure, a* *c|l as regulni- 
fng the formulation of pepper .tpruys. would substantially increase 
the predictability or product potency. efficacy, and its potential t Q 
cause toxicity. 
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